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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new magnetic £>/ 
head structure for enabling high-density recording, a 



new manufacturing method for the magnetic head, and a 
high- performance magnetic disk device using the same. 
SOLUTION: This magnetic head is characterized in that 
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circuit of a writing head are connected by a track part 
and a back gap part and have a laminated structure 
material made of a first magnetic body, non-magnetic 
body and a second magnetic body, and the end part of 
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more than a floating surface. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic head characterized by arranging the laminated-structure material which 
consists of the 1st magnetic substance, non-magnetic material, and 2nd magnetic substance, 
and arranging an up magnetic core on this laminated-structure material, and locating the edge of 
this up magnetic core inside from a surfacing side on the lower magnetic core of a write-in head. 

[Claim 2] The magnetic head characterized by the distance of this up magnetic-core edge and a 
surfacing side being 0.1 or 3 micrometers in a claim 1. 

[Claim 3] The magnetic head characterized by the elevation angle of this up magnetic-core edge 
being 45 degrees or more or 90 degrees or less in a claim 1 . 

[Claim 4] The magnetic head characterized by for the thickness of this 1 st magnetic substance 
being 0.2 or 1.0 micrometers, for the thickness of this non-magnetic material being 0.1 or 0.5 
micrometers in a claim 1, and the thickness of this 2nd magnetic substance being 0.2 or 1.0 
micrometers. 

[Claim 5] The magnetic head characterized by being the nonmagnetic alloy which comes to 
contain Au, Cu, or them on which this non-magnetic material also spreads Pd, Rh, or Pt in a 
claim 1. 

[Claim 6] The magnetic head to which this 1st magnetic substance and this 2nd magnetic 
substance are characterized by being the soft-magnetism alloy whose saturation magnetic flux 
density is 1.0 or 2.2T in a claim 1. 

[Claim 7] The magnetic head characterized by being the soft-magnetism alloy which contains at 
least one component as which this 1st magnetic substance and this 2nd magnetic substance 
were chosen from nickel, Fe, and Co in a claim 1 . 

[Claim 8] The magnetic head characterized by carrying out flattening of the coil lower insulating 
layer to this laminated-structure object in a claim 1. 

[Claim 9] The magnetic head characterized by preparing an etching stopper layer on this up 
magnetic core in a claim 1. 

[Claim 10] The magnetic head characterized by having formed this laminated-structure object 
only in the truck section, the back gap section, or the truck section in a claim 1 . 
[Claim 1 1] The process which forms the layered product which becomes the truck section and 
the back gap section on a lower magnetic core from the 1st magnetic substance, the gap layer 
of non-magnetic metal, and the 2nd magnetic substance, The process which forms a coil lower 
insulating layer in the predetermined section on a lower magnetic core, and carries out flattening 
of this layered product upper surface and the coil lower insulating-layer upper surface, The 
manufacture method of the magnetic head characterized by including the process in which the 
process and the truck section which form the insulating layer which covers a coil and a coil, and 
the back-contact section are connected to, and a core edge forms further the up magnetic core 
which retreated from the surfacing side. 

[Claim 1 2] The manufacture method of the magnetic head characterized by adding the process 
which removes the gap layer of the non-magnetic metal of the back gap section in a claim 1 1 . 
[Claim 13] The magnetic disk unit characterized by carrying the magnetic head of a claim 1 or 



the 10th term given in any 1 term. 

[Claim 14] The magnetic disk unit characterized by carrying the magnetic head of a claim 1 or i, 
the 10th term given in any 1 term, and having the recording density of 5 G bit [/square ] inch at 
least. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is concerned with the magnetic 
head using the manufacture method of the magnetic head and this which are mainly used for the 
writing of the magnetic recording of a hard disk, and is further concerned with the hard disk drive 
unit using this magnetic head. 
[0002] 

[Description of the Prior Art] The electrical circuit for the servo mechanism for accessing the 
position where the magnetic head for writing for a hard disk drive unit writing to the magnetic- 
disk disk as a magnetic-recording medium and this disk that it is well known by the magnetic- 
recording signal to the contractor concerned, and reading with and the magnetic head were 
defined on the disk, and signal processing etc. is included as a main element. One of the most 
important items of the performance of a hard disk drive unit is field recording density, and it 
needs to increase track recording density and track density for the improvement in field 
recording density. 

[0003] Among these, while it is indispensable to improvement in track density to narrow-ize the 
width of recording track in the truck section of the magnetic head for writing, it is necessary to 
reduce the magnetic leakage flux at the time of writing. The technical issue point requested from 
this magnetic head for writing is described in detail by for example, the Nikkei electronics, and 
the example of structure of the truck section is stated to the USP No. 5,285,340 official report 
[0004] 

[Problem(s) to be Solved by the Invention] since [ however, ] such conventional technology is 
not what was optimized also as structure of the magnetic head in addition to not being what was 
established as a concrete manufacture process of the whole head including the coil for driving a 
magnetic circuit and this — actually — the magnetic head — manufacturing — a highly efficient 
hard disk drive unit — cheap — providing — enough — **** — it had the problem which cannot 
say 

[0005] That is, it is not reason sufficient by manufacture of only a truck section nose of cam for 
manufacture of the magnetic head for writing, and while writing in and designing rationally the 
structure of a head, and a series of manufacture processes, it is necessary to conquer the 
difficulty which suits a manufacture process in the material optimized although [ including the 
coil section, the up magnetic-core section, etc. ] a property required for the magnetic head is 
satisfied. 

[0006] The rational manufacture method for manufacturing the write-in head of the narrow width 

of recording track of having conquered this difficulty was not offered until now. 

[0007] The first purpose of this invention made in view of this problem is to offer the structure 

of the write-in head for manufacturing the magnetic head for writing including the truck section 

constituted rationally for responding to the various above-mentioned technical problems 

simultaneously, the coil section, the up magnetic-core section, etc., and a series of manufacture 

processes. 

[0008] The second purpose of this invention is to offer the combination of the optimal charge of 



magnetic-head material which suited this manufacture process. 

[0009] The third purpose of this invention is to offer the highly efficient magnetic disk unit which 

used this magnetic head. 

[0010] 

[Means for Solving the Problem] As the above-mentioned The means for solving a technical 
problem, this invention offers the magnetic head characterized by locating the edge of this up 
magnetic core in the interior from a surfacing side in addition to the feature which connected the 
up magnetic core and lower magnetic core of a magnetic circuit of a write-in head in the truck 
section and the back gap section by the laminated-structure material which consists of the 1st 
magnetic substance, non-magnetic material, and 2nd magnetic substance. The means of this 
invention is explained in detail below according to drawing 1 . 

[001 1] Drawing 1 (a) shows the lower magnetic core 1 of the magnetic head for writing. 
[0012] On this lower magnetic core 1, the laminated-structure material which becomes two 
places, the truck section A and the back gap section B, from the 1 st magnetic substance 2, non- 
magnetic material 3, and 2nd magnetic substance 4 is formed with plating, and this is set to (b). 
[0013] Subsequently, the coil lower insulating layer 5 is formed in the predetermined portion 
except the truck section A and the back gap section B, and flattening of this laminated- 
structure material is carried out to the coil lower insulating layer 5. (c) 
Subsequently, the coil 6 for a drive is formed on an insulating material 5. (d) 
Subsequently, the coil insulation material 7 is formed and a coil 6 is covered completely, (e) 
Subsequently, the up magnetic core 8 is formed so that the exposed laminated-structure 
material may be connected in the truck section A and the back gap section B. at this time, the 
edge of the up magnetic core 8 is retreated from a surfacing side — making — and the angle of 
an edge — 45 or the range of 90 degrees — it forms so that it may become 60 or the range of 
85 degrees preferably (f) 

Subsequently, an insulating material 9 is formed so that the write-in whole head including the up 
magnetic-core 8 section, coil 6 portion, the truck section A, and the back gap section B may be 
covered, (g) 

It cuts and grinds and a head is completed so that the surfacing side C may finally be exposed. 
In addition, in order to secure the performance as the magnetic head, after passing through the 
above-mentioned process, it cannot be overemphasized that processes, such as formation of a 
protective coat and rail processing of a surfacing side, are required. 

[0014] In addition, by this invention, the process which removes the non-magnetic material 3 and 
the 2nd magnetic substance 4 of the back gap section B can be added, the magnetic head can 
also be manufactured, and this is shown in drawing 1 (h). 

[0015] By passing through a series of above-mentioned processes from (a) to (g) in good order, 
the magnetic head characterized by connecting the up magnetic core and lower magnetic core of 
a magnetic circuit of this invention in the truck section and the back gap section by the 
laminated-structure material which consists of the 1 st magnetic substance, non-magnetic 
material, and 2nd magnetic substance can be manufactured. [ of a write-in head ] 
[0016] Although this invention can be manufactured using a series of above processes, there is a 
close relation to the material used at the relation before and behind each process and process 
and its process. 

[0017] Usually, the lower magnetic core 1 serves as the up shield of an MR head in the combined 
head which wrote in with the MR head for readouts (or GMR head), and separated the head. 
However, it cannot be overemphasized that it can use for the manufacture of the so-called 
induction-type thin film head with the object for readouts and the head for writing same [ this 
invention ], either. 

[0018] This laminated-structure object of this invention can be continuously formed by the 
galvanizing method called the so-called frame galvanizing method, namely, in galvanizing a 
laminated-structure object to the truck section A and the back gap section B After forming the 
frame of a resist in the configuration which encloses the truck section A and the back gap 
section B, the truck section, It can galvanize with the back gap section besides it, and the plating 
of the unnecessary section can be removed by etching, protecting the truck section A and the 



back gap section B by the cap resist after this, and, finally the well-known method can be used 
for the contractor concerned of removing a frame resist. The laminated-structure material of 
this invention can be formed by performing plating processing using this frame resist to the 1 st 
magnetic substance 2, non-magnetic material 3, and 2nd magnetic substance 4 one by one. 
[0019] While forming simultaneously the truck section A and the back gap section B in this 
invention, it is important to adjust so that the surface ratio of this laminated-structure material 
of the truck section A and the back gap section B may be set to 0.1 or 0.00001. 
[0020] Usually, the general structure of the conventional magnetic head does not form a 
magnetic gap in the back gap section B. This is because the magnetic gap formed in the back 
gap section B may have a bad influence on the write-in property of a head. However, in order to 
form the truck section A by laminated-structure material using the above-mentioned method 
and not to form a magnetic gap in the back gap section B, it will be necessary to add the 
manufacturing process. 

[0021] Even if it adopts this added manufacturing process, it is possible to realize this invention, 
and it is also possible to consider as the structure of removing this non-magnetic material 3 of 
the back gap section as follows, and connecting a magnetic circuit directly by the soft magnetic 
material. 

[0022] That is, FOTOREJISUTOPATAN ** which carried out opening of the back gap section at 
least is used as a mask, it is dry etching, such as the ion milling method or a reactive-ion- 
etching method, or non-magnetic material 3 and the 2nd magnetic substance 4 are removed by 
wet etching. It becomes possible to connect a magnetic circuit directly by the soft magnetic 
material by forming an up magnetic core after that, without forming a magnetic gap in the back 
gap section B. 

[0023] However, while forming simultaneously the truck section A and the back gap section B by 
laminated-structure material in order to avoid this problem since a process becomes 
complicated by the above-mentioned method, it is good to adjust so that the surface ratio of 
this laminated-structure object of the truck section A and the back gap section B may be set to 
0.1 or 0.00001. It can prevent that the magnetic gap of the back gap section B has a bad 
influence on the write-in property of a head by adjusting so that large simplification of a 
manufacturing process may be attained by forming simultaneously the truck section A and the 
back gap section B and the surface ratio of this laminated-structure object of the truck section 
A and the back gap section B may be set to 0.1 or 0.00001. 

[0024] If gap thickness is set to g and area of S1 and the back gap section B is set [ space 
permeability ] to S2 for the area (since a head is completed) of mu 0 and the truck section A, 
the approximate value R of the magnetic reluctance of a gap which doubled the truck section 
and the back gap section can be expressed with the following formula. 
[0025] 

[Equation 1] R=g/mu 0 (1/S1+1/S2) 

It can prevent the influence the magnetic gap of the back gap section B affects the magnetic 
reluctance of a gap when the surface ratio S1/S2 of this laminated-structure object of the truck 
section A and the back gap section B is 0.1 or 0.00001 being disregarded now from this relation, 
as a result having a bad influence on the write-in property of a head. 

[0026] By this invention, very high-density magnetic recording is made possible by setting to 0.3 
or 1 .5 micrometers the width of recording track formed by this laminated-structure material. The 
minimum of this width of recording track becomes settled from the practical standpoint in which 
frame formation of a photoresist is possible, and an upper limit becomes settled from the range 
from which desirable recording density is obtained. 

[0027] It is desirable for the thickness of this 1st magnetic substance 2 to be 0.2 or 1.0 
micrometers in this invention, for the thickness of this non-magnetic material 3 to be 0.1 or 0.5 
micrometers, and for the thickness of this 2nd magnetic substance 4 to be 0.2 or 1 .0 
micrometers. The minimum of this thickness becomes settled from the standpoint from which 
the write-in magnetic flux from a truck nose of cam serves as a practical range, and an upper 
limit becomes settled from the range in which frame formation of a photoresist is possible too. 
[0028] This non-magnetic material 3 of this invention is characterized by being the nonmagnetic 



alloy which comes to contain Au f Cu, or them which also spread Pd, Rh, or Pt. This metal is 
chosen out of excelling in adhesion with the 1st magnetic substance 2 and the 2nd magnetic 
substance 4, and especially its analogous metal is desirable to platinum groups, such as Pd, Rh, 
Pt, etc. with little generating of sagging by polish in the case of surfacing side polish at a next 
process, or this while being able to galvanize it easily. 

[0029] Furthermore, the soft-magnetism alloy whose saturation magnetic flux density is 1 .0 or 
2.2T is used for this 1st magnetic substance 2 and this 2nd magnetic substance 4 of this 
invention. As for saturation magnetic flux density, for acquiring a head magnetic field powerful 
enough, it is desirable that it is size more. The galvanizing method can be used for obtaining this 
soft-magnetism alloy that what is necessary is just to use the soft-magnetism alloy which 
comes to contain other elements for the soft-magnetism alloy or these containing at least one 
component chosen from nickel, Fe, and Co for obtaining the magnetic substance of this 
saturation magnetic flux density. 

[0030] On the other hand, the soft-magnetism alloy whose saturation magnetic flux density is 1 .0 
or 2.2T like this 1st magnetic substance 2 and this 2nd magnetic substance 4 is used also for 
this lower magnetic core 1 and the up magnetic core 8 of this invention. 
[0031] As for this lower magnetic core 1 and the up magnetic core 8, it is recommended that 
thickness is 0.5 or 5.0 micrometers. A minimum becomes settled on this thickness from the 
ability of the shielding effect as a write-in property or a combined head to fully secure. 
[0032] Although independent or combination of oxide insulating materials, such as an organic 
compound insulator which calcinated the positive-type photoresist or an alumina, and a silica, is 
fond in this coil lower insulating layer 5 of this invention and it is used for it, any insulating 
materials other than these may be used. 

[0033] After depositing the coil lower insulating layer 5 all over the substrate which formed this 
laminated-structure object in the truck section A and the back gap section B, as for this 
flattening of this invention, it is good to grind using technique, such as CMP (Chemical 
Mechanical Polishing), so that the upper surface of the coil lower insulating layer 5 and this 
laminated-structure object upper surface may turn into the same flat surface. This polish 
processing is the technique of common knowledge to the contractor concerned. 
[0034] The well-known method can be used for the contractor concerned who removes the 
ground film for coil plating exposed after forming the ground film for coil plating (not shown) in 
the front face of the laminated-structure object which carried out flattening to formation of this 
coil 6 of this invention, and the coil lower insulating layer 5 by the spatter etc., forming the frame 
resist for coil plating, forming the coil with low resistance metals, such as Cu, and removing the 
frame resist by milling etc. 

[0035] Although what calcinated the positive-type photoresist can be used for this coil insulation 
material 7 of this invention, oxides, such as an alumina and a silica, may be used as an insulating 
material. 

[0036] A photoresist frame is formed in formation of this up magnetic core 8 of this invention 
after the spatter (not shown) of the ground film for plating. In order to secure the magnetic 
anisotropy of the up magnetic core 9, plating among a magnetic field is performed. After it 
removes the plating of the unnecessary section by etching after forming a cap resist in the 
business section after plating, and removing a frame resist, the well-known method can be used 
for the contractor concerned of removing the ground film for plating by milling. 
[0037] This up magnetic core 8 of this invention is ****** about the edge of this up magnetic 
core being located in the interior from a surfacing side. The distance L of an up magnetic-core 
edge and a surfacing side as shown in drawing 2 is specified to 0.1 or 3 micrometers. The retreat 
from the surfacing side of this up magnetic-core edge has a dramatic effect, in order to prevent 
that the leakage magnetic field from the up magnetic-core edge by an up magnetic-core edge 
being exposed to a surfacing side influences magnetic recording. 

[0038] It is also the feature of this invention that the elevation angle theta of this up magnetic- 
core edge of this invention is furthermore 45 degrees or more or 90 degrees or less. This angle 
is prepared because a big effect is to prevent that the insulating material 9 formed behind drops 
out. 

I 



[0039] 

[Embodiments of the Invention] The operation gestalt of this invention is described below. 
Drawing 3 shows the planar structure view of the magnetic head corresponding to cross-section 
structural drawing of drawing 1 which carried out point **. In order to give explanation intelligible, 
overwrite of some layers which constitute the magnetic head from drawing 3 is carried out, and 
it is shown. 

[0040] The cross section which saw the surfacing side C shown in drawing 3 from the direction 
of X is drawing 4 . 

[0041] The lower magnetic core 1 of this invention is arranged as shown in drawing 3 . This lower 
magnetic core 1 is bearing the operation which served as the up shield of the MR element 12 
arranged at the lower part of the lower magnetic core 1. 

[0042] After specifically forming the MR element 12 on the lower shield 1 1 formed in the wafer 
10 of the quality of the material like an alumina titanium carbide, the up shield (lower magnetic 
core 1) of the MR element 12 is formed, and it considers as this lower magnetic core 1 of this 
invention. 

[0043] Saturation magnetic flux density can use for this lower magnetic core 1 of this invention 
as an example the nickel-Fe soft-magnetism alloy which is about 1 .0T. As for this soft- 
magnetism alloy, the property and creating method are known well by the contractor concerned 
as a permalloy alloy whose nickel composition is about 80%. 

[0044] Thickness of this lower magnetic core 1 is set to 3.0 micrometers as an example. The 
frame of the photoresist for forming the truck section A and the back gap section B on this 
lower magnetic core 1 is formed, and the laminated-structure object of this invention is formed 
by performing plating, the 1 st magnetic substance 2, non-magnetic material 3, and the 2nd 
magnetic substance 4, of three layers one by one. Then, the plating of those other than the 
truck section A and the back gap section B is removed by etching. The nickel-Fe soft- 
magnetism alloy whose nickel composition which is high Bs soft magnetic materials as an 
example is about 46% can be used for the 1st magnetic substance 2 and 2nd magnetic substance 
4. Nonmagnetic Pd plating can be used as a non-magnetic material 3. 

[0045] Photoresist height is set as 2.5 micrometers and 0.9 micrometers, and a truck aspect 
product / back gap aspect product ratio are set as 0.0003 for the width of recording track. 
Thickness of 1 .0 micrometers and non-magnetic material is set to 0.2 micrometers for the 
thickness of the 1st magnetic substance 2 and the 2nd magnetic substance 4, respectively. 
[0046] In this this invention, since the frame of the photoresist for forming the plating of the 
detailed truck section A can be formed on the flat field on the lower magnetic core 1, it is 
possible to form a photoresist with a very sufficient precision, and it becomes controllable [ the 
precise width of recording track detailed as the result and ]. 

[0047] Subsequently, the alumina made into the coil lower insulating layer 5 is deposited on the 
whole surface at 3.0-micrometer thickness, and it grinds so that the upper surface of the coil 
lower insulating layer 5 and this laminated-structure object upper surface may turn into the 
same flat surface by the CMP method. The alumina deposited in the slurry which specifically 
contains the abrasive grain of an alumina particle is ground, and the polished surface which 
carried out flattening can be efficiently created by ending polish, when this laminated-structure 
object upper surface is exposed. 

[0048] Subsequently this invention forms the coil 6 for a drive on the alumina of the ooil lower 
insulating layer 5. As for the height and width of face of a coil 6, 3.0 micrometers is admired, 
respectively. Moreover, the number of turns of a coil should also be determined from the design 
of a head, and chooses eight turns as one example. It is also still more possible for a coil not to 
be restricted to one layer, to make it two-layer, and to prevent increase of the head area by the 
increase in the number of turns. It is good for formation of this coil 6 to remove the ground film 
for coil plating exposed after forming the ground film for coil plating like Cu/Cr in the whole 
surface by the spatter etc., forming the frame resist for coil plating, forming the coil 6 with 
plating and removing the frame resist by milling etc. 

[0049] this invention uses for this coil insulation material 7 what calcinated the positive-type 
photoresist. 



[0050] this invention is formed so that the up magnetic core 8 may be connected in the truck 
section A and the back gap section B. Saturation magnetic flux density can use for this up 
magnetic core 8 as an example the nickel-Fe soft-magnetism alloy which is 1 .0T. 
[0051] A photoresist frame is formed in formation of this up magnetic core 8 of this invention 
after the spatter (not shown) of the ground film for plating. In order to secure the magnetic 
anisotropy of the up magnetic core 8, plating among a magnetic field is performed. After it 
removes the plating of the unnecessary section by etching after forming a cap resist in the 
business section after plating, and removing a frame resist the well-known method can be used 
for the contractor concerned of removing the ground film for plating by milling. It is good for 
reservation of a good magnetic anisotropy to carry out the seal of approval of the magnetic field 
of 0.1T as an example, this invention is realizable by using for formation of this photoresist frame 
the mask with which the edge of this up magnetic core 8 retreated from the surfacing side. As 
for the value of the retreat distance W, 0.5 micrometers is recommended as an example. By 
furthermore using a negative resist for a frame resist, it becomes possible to prepare an 
elevation angle. As for the value of an elevation angle, 80 degrees is recommended as an 
example. 

[0052] In this invention, the write-in whole head including the up magnetic-core 8 section and 
the coil 6 is covered with the insulating material 9 of an alumina, and the laminating process of a 
write-in head is completed. 

[0053] The block which contains two or more heads from the wafer in which a majority of these 
heads were formed is started, polish of a surfacing side, rail processing of a surfacing side, and 
formation of a head protective coat are given, it divides into a singular head, and the magnetic 
head is completed. 

[0054] An example of the method of including the magnetic head 20 manufactured as mentioned 
above in a magnetic disk unit 24 is shown in dr aw ing 5 . The magnetic head 20 of this invention 
is made into the structure which mounts in a suspension 21 beforehand and is driven with a 
servo actuator 22. The magnetic disk 23 of a record medium rotates two or more sheets in the 
same cylinder. In order to use both sides of a disk as a record medium, it is well-known to 
usually mount the two magnetic heads to one magnetic disk at the contractor concerned. A 
magnetic disk unit 24 is completed by this method. 

[0055] At the magnetic disk unit 24 of this invention, while using the magnetic head 20 of this 
invention, the record performance which a recording density 5 G bit [/square ] inch is 
remarkable, and was excellent in truck recording density 22kTPI (truck par inch) and track- 
recording-density 230kBPI (bit par inch) can be attained by using the rotational speed of 
4000rpm using the magnetic disk 23 which has the medium of the coercive force of 2000 
oersteds. 

[0056] Moreover, the width of recording track is made still narrower, it is referred to as 0.5 
micrometers, a truck aspect product / back gap aspect product ratio is set as 0.0001, and 
improvement in the further recording density is still more possible by setting thickness of non- 
magnetic material to 0.1 micrometers. In this case, it is using together the magnetic disk which 
has the medium of the coercive force of 3000 oersteds, truck recording density 34kTPI of it 
(truck par inch) becomes possible, and the record performance which it is [ more than a 
recording density 10 G bit //square / inch ] remarkable, and was excellent in track-recording- 
density 300kBPI (bit par inch) can also be attained. 

[0057] It is based on the head structure which was excellent in this invention, and the 
manufacturing method for realizing this that the magnetic head which can be used for this highly 
efficient magnetic recording can be offered by the simple manufacturing process. 
[0058] 

[Effect of the Invention] Since a remarkable highly efficient magnetic disk unit can be cheaply 
offered if this invention offers simultaneously the structure of the method of manufacturing the 
highly efficient magnetic head at an easy remarkable process, and the new magnetic head and 
the magnetic head of this invention is used, there is an unfathomable thing in the economic 
effects. 
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